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Abstract
Exams with numerus clausus are very common in Medicine, Business Administration and Law. They are intended to
select a predefined number of academic candidates on the basis of their rank rather than their absolute performance.
Various scholars and politicians believe that numerus clausus policies are a vector of academic excellence. We
argue, however, that they could have ironic epistemic effects. In comparison with selective policies based on
criterion-based evaluations, selection via numerus clausus creates negative interdependence of competence (i.e.,
the success of some students comes at the expense of the others). Thus, we expect it to impair students’ sense of
self-efficacy and—by extension—the level of mastery goals they adopt, as well as their actual learning. Two field
studies respectively reported that presence (versus absence) and awareness (versus ignorance) of numerus clausus
policies at University was associated with a decreased endorsement of mastery goals; this effect was mediated by a
reduction in self-efficacy beliefs. Moreover, an experimental study revealed that numerus clausus negatively
predicted learning; this effect was, again, mediated by a reduction in self-efficacy beliefs. Practical implications for the
selection procedures in higher education are discussed.
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Introduction
“Better to have an elite commando than an army of down-
and-out”. This is how Guy Vallancien, urological surgeon and
medical professor at the Université Paris Descartes, France,
recently defended the use of numerus clausus in Medical
Schools ([1] p 127). In many countries, students in Medical
Sciences, Business Administration or Law often have to run
competitive exams with numerus clausus, i.e., exams that
select a fixed number or portion of candidates on the basis of
their rank and not of their absolute performance [2,3]. As a
function of the specific system implemented, numerus clausus
determines which students are allowed to enter tertiary
education, to proceed to the next academic year or to be given
their diploma. Since their gradual implementation in the early
1960’s, numerus clausus policies have stirred up many
controversies, such as the tensions between student unions
and the Belgian government in Brussels [4], the 1976 political
disputes concerning their constitutionality in Germany [5], or
the 2005 European Court conviction of Austria for
discriminative use of numerus clausus against non-native
students [6].
Because of the wealth of militant, political and legal
polemics, it is surprising that virtually no empirical studies—and
literally no research in Social or Educational Psychology—have
been devoted to the motivational and epistemic consequences
of numerus clausus. Yet, longitudinal studies have reported
that motivation toward learning in college is of paramount
importance, as it predicts positive academic outcomes all
through the curriculum [7] and positive career outcomes after
graduation [8]. Thus, in this article, after defining how and why
higher education institutions use numerus clausus, we will
focus on the as yet unaddressed question of what the effects of
such a policy are on students’ motivation and learning.
How does higher education make use of numerus
clausus?
There exist two systems of selecting students via numerus
clausus. On the one hand, candidates might be selected
upstream from their entrance in higher education institutions. In
this research, we designate this policy as pre-curriculum
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numerus clausus. For instance, this system is used in Florida,
where admission in state universities is guaranteed for
students reaching the top twenty percent of their high school
graduation (i.e., “Talented Twenty Program” [9]).
On the other hand, candidates might be selected
downstream from their entrance in higher education
institutions. We designate this policy as in-curriculum numerus
clausus. In such a case, numerus clausus can either be
defined as absolute (i.e., a predefined number or percentage of
acceptances to proceed to the next semester/year or obtain a
diploma; in other words, the best X or the top X% of students
pass the selection exam), or flexible (i.e., a predefined range of
numbers or percentage of acceptance to proceed to the next
semester/year or obtain a diploma; in other words, the best X ±
Y or the top (X ± Y)% students pass the selection exam). The
former scenario applies for example in the training of French
primary and secondary schoolteachers [10]. At the end of their
teaching training, students have to pass an absolute numerus
clausus national recruitment exam so as to become certified
teachers (e.g., in 2012, among the 1830 physical education
teacher candidates, the government delivered 600
accreditations to the highest ranking ones [11]).
In the latter scenario—flexible numerus clausus—the number
of acceptances is fixed in advance but, depending on the year,
a few students more or less can be allowed in. The use of
flexible numerus clausus can be explicitly specified (e.g., see
Johannes Gutenberg University of Mainz’s online FAQ, http://
www.politik.uni-mainz.de/politikmaster/?
page_id=122&lang=en) or implicitly stated (e.g., “waiting lists
which act as a hidden numerus clausus” ([12] p 45). This last
case appears to be widely used in higher education; for
instance, De Paola [13] showed, on a sample composed of
about 26,000 Italian students, that departments facing an
excess of supply over demand (e.g., Physics, Chemistry,
Mathematics) tended to reduce their academic standards and
over-grade students (“grade deflation” or “easy grading
practice”), whereas departments facing an excess of demand
over supply (e.g., Law and Economics, Business
Administration, Biology) tended to raise their academic
standards and under-grade students (“grade inflation” or “hard
grading practices”). In line with this phenomenon, Kaufman [14]
reported that, in the United States, two-thirds of Law schools
admitted to standardizing grades, and to doing it more strictly
when students are more numerous. Although officious, grading
practices at University therefore tend to be relative (depending
on the ranking of a given student at the exam(s)), rather than
absolute (depending on the performance of a given student at
the exam(s)). In highly demanded fields, this mechanism
contributes to regulate the stream of students allowed to
pursue their curriculum, working as a hidden flexible in-
curriculum numerus clausus.
In summary, selection via numerus clausus could operate at
two levels, namely before higher education entrance (i.e., pre-
curriculum numerus clausus) or after higher education entrance
(i.e., in-curriculum numerus clausus). As far as the second
case is concerned, in-curriculum numerus clausus could either
be absolute (pre-established number of admissions) or flexible
(pre-established range of number of admissions). Due to the
important prevalence of relative grading practices and grade
standardization driven by demand and supply [15] our research
will focus on flexible in-curriculum numerus clausus selection
process.
Why does higher education institution make use of
numerus clausus?
Higher education institutions may defend the application of
numerus clausus policies for two sets of reasons: practical and
ideological. As far as practical reasons are concerned,
numerus clausus policies firstly ensue from demographic
trends. Due to population growth, the percentage of 19-21
years old entering European Universities indeed doubled from
the 1960s to the 1970s [5] and again increased during the
1990s [16]. This generalized phenomenon, known as the
“explosion of numbers” ([17] p 302) triggered the
implementation of the first numerus clausus selection policies.
Secondly, also concerning practical reasons, enrolment
capacity appears as a major concern. For example, recent
research has pointed out that in some universities the average
number of students per faculty member can range from 24 to
400 in “over-enrolled disciplines” (e.g., University schools of
Medicine ([3] p 146). Various higher education institutions
therefore respond to this imbalance by applying highly selective
admission procedures via the numerus clausus. Thirdly,
governments may decide to regulate access to higher
education in order not to train more workers than needed by
society (i.e., adjusting labor supply to market demand [18]).
Lastly, states might enforce drastic selective procedures for
economic reasons (as an example, Switzerland spends, on
average, 60’000 CHF (≈ 42’000 USD in 1997) per medical
student during his/her first year of study [19]).
In addition to these practical reasons, policy-makers in
higher education institutions may justify the use of numerus
clausus with ideological arguments. Indeed, on the one hand,
numerus clausus might be perceived as a primary vector in the
search for excellence. For instance, some argue that French
medical universities should maintain numerus clausus as it is
because “medical doctors' added value lies on its scarcity” [20].
On the other hand, numerus clausus, could reflect a
competitive culture based on meritocracy where students “who
succeed and enter the second year [or proceed to the next
semester or acquire their diploma] are considered to be
heroes, the victors of a “war” that has defeated 9 out of 10 of
their classmates” ([2] p 334). As inherited from a republic-
based tradition of meritocracy of Western societies, numerus
clausus policies could thus be perceived as consisting of a
tough initiation rite and/or an academic vocation testing [21].
Practical and ideological reasons may conflict with each
other. In French Medical Schools, for instance, where a state-
controlled in-curriculum numerus clausus is established
between the first and the second year, the number of allocated
places diminished from mid-1980s to late-1990s mainly
because of physician oversupply and expenditure reduction
plans [22]. Such a reduction ultimately resulted in a shortage of
healthcare professionals starting from 2008 [23]. Although
demographers urge policy-makers to relax the limit of numerus
clausus [24], they face a certain political reluctance. For
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example, Valerie Pécresse, the former French Minister for
Higher Education and Research defended the decision to
maintain numerus clausus by declaring that it “guarantees the
quality of [France’s] health care system, the recruitment of the
best and the more capable” [25]. As opposed to the practical /
objective reasons (e.g., matching supply with demand), such
ideological / subjective reasons (i.e., pursuing academic
excellence) are not substantiated by any empirical research.
Thus, in this article, we question the ideological posture that
numerus clausus could be associated with some educational
benefit, and aim at testing the effects of numerus clausus on
students’ motivation and learning.
What is the impact of numerus clausus on motivation
and learning among higher education students?
Numerus clausus through the prism of Social
Interdependence Theory.  As opposed to social
independence—where individuals may attain their goal
regardless of others’ actions—social interdependence defines
situations where: i) the members of a group share common
goals; and ii) the accomplishment of each member’s goal is
affected by others’ action [26]. More specifically a negative
interdependence exists when the (perceived) probability of a
group member reaching his/her goal decreases as other
members also reach their goals (i.e., competition [27,28]). We
argue that numerus clausus corresponds to negative
interdependence at two levels: institutional and psychological.
Firstly, at the institutional level, numerus clausus implies a
negative interdependence of rewards [29], be they admission
to the next semester/year or delivery of certificates of
graduation. Indeed, the number of resources being predefined
(N places/diplomas are available), the fact that student A
passes his/her examination automatically reduces the chances
of student B to succeed (N – 1 places/diplomas are available).
It is worth noting that—as numerus clausus is used most of the
time in prestigious fields, disciplines or programs—negative
interdependence of rewards additionally creates a negative
interdependence in opportunities for upward social mobility
(i.e., interdependent access to prestigious socio-professional
positions). Furthermore, it should be noted that—due to the
importance of the (negatively interdependent) rewards in terms
of academic and professional achievement—numerus clausus
clearly differs from constructive competition [30], as the first
condition for competition to be constructive, namely the fact
that “winning is relatively unimportant”, is not fulfilled ([31] p
323).
Secondly, at the psychological level, numerus clausus
implies negative interdependence of the perceived competence
of oneself and others [32]. In an evaluative context with no
numerus clausus (i.e., where the selection criterion relies on a
criterion-referenced standard, e.g., to reach an average of 80%
of correct responses), students’ academic competence (AC) is
defined in an absolute way: it solely corresponds to their own
performance (OwP) at the final exam(s) (AC = OwP, i.e., social
independence of competences). In a selective context with
numerus clausus (i.e., where the selection criterion relies on a
socially-referenced standard, e.g., to rank among the 20% best
students), students’ academic competence (AC) is defined in a
relative way: it depends on their own performance (OwP) at the
final exam(s) but also on others’ performance (OtP) at the
same exam(s) (AC = OwP / (OwP + OtP), i.e., social
interdependence of competences). In such a case, the
perception of one’s own competence necessarily comes into
conflict with the perception of others’ competence, which, we
argue, may yield deleterious motivational and/or epistemic
effects. Why is it so?
Numerus clausus, self-efficacy and learning.  Bandura
defines perceived self-efficacy as a “judgment of how well one
can execute courses of actions required to deal with
prospective situations” ([33] p 122). In other words, self-efficacy
corresponds to the belief that one is capable enough to master
a specific task and to obtain positive results. As argued above,
numerus clausus implies that academic success relies on both
endogenous and relatively controllable factors (i.e., own
performance), and exogenous and relatively non-controllable
factors (i.e., others’ performance). The extent to which one
perceives control over his/her behavior (i.e., outcome
expectations: perceived likelihood that performing the behavior
will produce a given outcome [34]) refers to systemic
constraints (defined at macro-level), whereas the extent to
which one perceives self-efficacy in his/her behavior (i.e.,
efficacy expectation: perceived ability to perform a behavior
[34]) refers to individual beliefs (defined at micro-level [35]). In
achievement contexts, low perceived control over exam
performance due to external constraints has been found to
deplete self-efficacy beliefs [36]. This reasoning echoes the
literature on the link between social interdependence and
psychological health, suggesting that negative
interdependence increases individuals’ feeling of uncertainty
[37] and reduces self-worth [31]. Thus, in this research, we
argue that the very fact that the result of an exam with numerus
clausus is determined by partially uncontrollable factors may
reduce self-efficacy beliefs. In sum, our first hypothesis is that
an evaluative system in which numerus clausus is implemented
should induce lower self-efficacy beliefs than an evaluative
system in which numerus clausus is not implemented.
According to expectancy-value theory [38], individuals
regulate their motivation with the expectation that their behavior
will lead to certain valuable outcomes. Because people act on
what they think they are capable of, self-regulation of
motivation and goal setting are notably regulated by self-
efficacy [39]. In the realm of achievement, mastery goals—
defined as the desire to acquire knowledge [40]—are the ideal
theoretical construct to capture individual differences in
motivational orientation toward learning. Scholars have
consistently shown that high self-efficacy is associated with the
pursuit of elevated mastery goals [41-43]. Recent studies using
path modeling [44,45] showed that self-efficacy was an
antecedent of the adoption of mastery goals—and not the
reverse.
In this research, we argue that, when a task is perceived as
having unknown scoring criteria—as is implied by numerus
clausus—it will undermine the individual’s sense of efficacy,
which in turn should impair mastery goal adoption. Thus, our
second hypothesis is that, as opposed to an evaluative system
with no numerus clausus, an evaluative system with numerus
Numerus Clausus on Mastery Goals and Learning
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clausus will reduce mastery goal endorsement, and that this
relation should be mediated by the reduction in self-efficacy
experienced in the numerus clausus system when compared
with the non numerus-clausus system.
In addition to the increase in the level of motivation toward
learning (i.e., mastery goals), self-efficacy has been found to
predict learning per se [46]. Key indices accounting for
cognitive progress, such as choice of challenging task,
elevated level of effort and task persistence, have indeed been
shown to be sustained by high levels of self-efficacy (for a
review, see 47). During task completion, self-efficacy is
beneficial for both cognitive (more efficient self-monitoring) and
conative (more adaptive learning strategy) outcomes [48]. For
instance, using structural equation modeling, Sins and
collaborators [49] showed that self-efficacy was associated with
deep (vs. surface) cognitive processing and metacognitive
strategies, which in turn were associated with achievement.
Drawing the conclusions of two decades of research,
Zimmerman stated that results “have clearly established the
validity of self-efficacy as a predictor of students’ […] learning”
([47] p 89). Thus, our third hypothesis is that, as opposed to an
evaluative system without numerus clausus, an evaluative
system with numerus clausus will reduce learning and that this
reduction of learning should be mediated by the reduction in
self-efficacy experienced in this context.
Hypotheses and Overview
Consequently, the aim of the present set of studies is to test
the relationship between numerus clausus and both learning
orientation and actual learning as mediated by self-efficacy.
The first two studies take the form of field research, in which
numerus clausus is respectively a natural group variable (i.e.,
academic sections not subject versus subject to numerus
clausus policies) and a measured variable (i.e., medical
students not perceiving versus perceiving their curriculum to be
characterized by numerus clausus policies). Study 3 takes the
form of experimental research in which numerus clausus is
manipulated (i.e., absence versus presence of quota). In all
three studies, we expect numerus clausus to lead to a
reduction in self-efficacy beliefs (hypothesis 1). In Studies 1
and 2, we hypothesize numerus clausus to be negatively
associated with mastery goals, a relationship mediated by self-
efficacy (hypothesis 2). Study 3 goes further as it tests the
deleterious effect of numerus clausus on learning,
hypothesizing that this relationship should be mediated by self-
efficacy (hypothesis 3).
Study 1
Method
Ethics Statement for the three studies.  Neither medical,
nor health related experimentation was performed. All Studies
were conducted at University of Lausanne (Study 1 and 2)
and/or at the Swiss Federal Institute of Technology in
Lausanne (Study 1 and 3), Switzerland.
Concerning Study 1 and 2—where no external intervention
was implemented—experimenters followed the APA Ethical
Guidelines for Research (http://www.sandplay.org/pdf/
APA_Ethical_Guidelines_for_Research.pdf). Participants were
informed that the study consisted in an anonymous survey on
students’ academic profiles, and were entitled to decline or
withdraw from participation. Following the completion of the
questionnaire, participants were debriefed and were invited to
ask any question about the research.
Concerning Study 3—where the assessment mode of the
alleged Internet test was manipulated—experimenters followed
the same guidelines. In addition, all participants received a
debriefing e-document (http://demosq4.free.fr/Quota/
Information%20sur%20l'%C3%A9tude.pdf) in which particular
attention was paid to ensure that participants could easily
understand the nature and the aim of the manipulation.
Moreover, they were invited to ask any additional questions
about the research.
At the time of the three studies (2010-2012), no approval
was needed in Switzerland to conduct research on human
subjects. As stated by the Federal Administration of the Swiss
Confederation (http://www.bag.admin.ch/themen/medizin/
00701/00702/07558/index.html?lang=fr), the law relating to
research on human subjects (i.e., constitutional article n°118b)
will come into effect in January 1st 2014. Given this legislation,
the present research project was not submitted to any research
ethics board.
Data availability for the three studies.  The raw data for
the three studies, as well as the IBM® SPSS® (version 19.0)
syntax files used in conducting the analyses, are available from
the authors upon request.
Participants.  Ninety first-year bachelor students from a
French-speaking mid-size Swiss university participated in
Study 1. Twenty non-Swiss respondents were dropped from
the analyses (We decided to remove foreign students from
Study 1 and 2’s samples as: i) Chirkov et al. [50] report that
reasons to study abroad are plural (situation in home country,
relationship with family, future career goals) and, thus, may be
more relevant in an achievement goal setting than numerus
clausus policies; ii) international students may not necessarily
be fully aware of administrative and institutional aspects of the
selection process). The final sample consisted of 40 women
and 30 men with a mean age of 19.7 years (SD = 1.34). Forty-
three of these undergraduates were enrolled in Chemistry and
27 in Forensic Science. These two sub-samples were chosen
because students of the two Faculties have the same first-year
curriculum, with the exception of two modules (i.e., Forensic
Science and Criminology). Indeed, they share more than eighty
percent of their courses, and therefore their overall academic
profiles are comparable. Despite this similarity, the conditions
of admission to second year are different. First-year Chemistry
students must sit a final selective exam and obtain a pass
grade of 4/6; in other words, these students are not subject to
in-curriculum numerus clausus policies. On the contrary, first-
year Forensic Science students must sit a final selective exam
and place themselves among the top 15 ± 4 best candidates
(based on department training capacity, number of
acceptances is fixed in advanced, but—depending on the year
—four more or four less students can be accepted); in other
words, these students are subject to a flexible in-curriculum
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numerus clausus policy). As shown in Figure 1, variation in the
number of admittances in second year from 2005-2006 to
2010-2011 is higher for Chemistry students, SD = 9.00 (for ≈
81 candidates), than that of the Forensic Science students, SD
= 3.17 (for ≈ 95 candidates), showing that the regulation of the
flow of passing students for Forensic Sciences is a reality and
not just a rule. Thus, proceeding to the second year depends
on personal results for Chemistry students, whereas it depends
on both personal and other students’ results for those in
Forensic Science.
Procedure.  The study was carried out during the Spring
Semester, as students approached final exams. Chemistry and
Forensic Sciences students attending the same biology class
were invited to fill in a questionnaire, presented as a survey on
“students’ academic profiles”. All students present at the
course agreed to participate. Following the completion of the
questionnaire, participants were debriefed.
Measures
Self-efficacy.  First, the questionnaire assessed students’
perceived self-efficacy using the French translation [51] of
Midgley et al.’s self-efficacy scale ([52] p 20). Eight items
required participants to indicate to what extent they felt efficient
in their courses (e.g., “I can do almost all the work in class if I
don't give up”). The measure ranged from 1, “not at all”, to 7,
“completely” (α = .94, M = 4.57, SD = 1.18).
Mastery goals.  Students’ endorsement of mastery goals
was assessed using the French validation [53] of Elliot and
McGregor’s Achievement Goal Questionnaire [54]. The three
mastery goal items were extracted from the scale (e.g. “I want
to learn as much as possible from the classes”). The measure
could range from 1, “not at all”, to 7, “completely” (α = .84, M =
5.18, SD = 1.32).
Perception of numerus clausus policies.  Students’
perception of the numerus clausus policies used in their
department was assessed, as a check of the independent
variable. Participants had to indicate to what extent, in their
department, they thought “there is a limited number of places
for the next year”. The measure could range from 1, “not at all”,
to 7, “completely” (M = 3.64, SD = 2.41).
Results
Check of perception of numerus clausus policies.  In a
preliminary analysis, we run a simple regression analysis on
Figure 1.  2005-2011 variations from the mean of the number of second year admittances for Forensic Science and
Chemistry students (Study 1).  Sources: University of Lausanne (http://www.unil.ch/statistiques) and Swiss Federal Institute of
Technology in Lausanne (http://ogif.epfl.ch/).
doi: 10.1371/journal.pone.0084178.g001
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perception of numerus clausus policies with department as
predictor (coded “-.5” for Chemistry and “+.5” for Forensic
Science). Results showed a significant large effect, B = 3.84,
F(1, 68) = 106.55, p < .001, η2p = .61. As one should expect
given the actual differences in policies, first-year Forensic
Science students perceived to a greater extent that the number
of places for the next year in their department was limited (M =
6.00, SD = .30) than did first-year Chemistry students (M =
2.16, SD = 0.23).
Overview of the linear regression analyses.  Linear
regression analyses were conducted in two stages. In the first
stage, we aimed at testing the direct effect of the department
(coded “-.5” for Chemistry and “+.5” for Forensic Science) on
mastery goals (c path). In the second stage, mediation
analyses were carried out to test whether self-efficacy could
explain this relationship (a, b and c’ paths). In preliminary
analyses, a complete analysis of covariance [55] was
conducted with gender (coded “-.5” for women and “+.5” for
men) and centered age of the participants, as well as their
interaction with the independent variable (i.e., department) on
both mastery goals and self-efficacy. Because the inclusion of
these terms was neither found to produce significant effects nor
to alter the effects of the other variables, they were not
included in further analyses. A summary of the results is
presented graphically in Figure 2.
Mastery goal orientation: A linear regression analysis was
conducted with mastery goal adoption as the dependent
variable and department as predictors. Results showed a
significant effect of Department , B = -0.65, F(1, 68) = 4.16, p
< .05, η2p = .05 (c path). Forensic Science students (subject to
numerus clausus policies) reported lower levels of mastery
goal adoption (M = 4.78, SE = 0.25) than Chemistry students
(not subject to numerus clausus policies, M = 5.43, SE = 0.20).
Mediational role of self-efficacy: Then linear regression
analyses were conducted to test the mediational role of self-
efficacy in the relationship between department and mastery
goal adoption. Firstly, a linear regression analysis with self-
efficacy as dependent variable and department as predictors
was conducted. Results showed that department negatively
predicted self-efficacy, B = -0.98, F(1, 68) = 13.39, p < .001, η2p
= .16 (a path). In support of hypothesis 1, Forensic Science
students (subject to numerus clausus policies) reported less
self-efficacy (M = 3.97, SE = 0.21) than Chemistry students
(not subject to numerus clausus policies) did (M = 4.94, SE =
0.17).
Secondly, linear regression analyses were conducted on
mastery goals with department and self-efficacy as predictors.
As predicted by hypothesis 2, results showed that the higher
the level of self-efficacy experienced, the higher the degree of
adherence to mastery goals, B = 0.48, F(1, 67) = 12.88, p < .
001, η2p = .16 (b path), while the effect of department on
mastery goals became non-significant, B = -0.18, F < 1, ns, η2p
= .00 (c’ path). Preacher and Hayes’ bootstrap method [56]
confirmed the significance of the indirect effect of Department
on mastery goals through self-efficacy (ab path), B = -0.46, SE
= .21, with a BCa 95% CI of -1.02 to -0.15, R2MED = .03. (R2 MED
designated the effect size of the indirect effect in term of
explained variance. It was calculated using MacKinnon’s
equation, R2MED = (r2MX) (r2YM,X) [57], where r2YM is the squared
correlation of self-efficacy (M) with department (X), and r2YM,X is
the squared partial correlation of mastery goals (Y) with self-
efficacy (M), partialing out department (X) (see also, 58).
Gender of the participants was systematically controlled. A
similar procedure was used to calculate the effect size of
Studies 2 and 3’s indirect effects.)
Discussion
In line with our hypotheses, the results indicate that first-year
students of a department subject to numerus clausus policies
(i.e., with a final selective examination based on a socially-
referenced standard) endorse mastery goals to a lesser extent
than the students enrolled in a department where they are not
subject to numerus clausus (i.e., with final selective
examination). Moreover, as expected, this effect is mediated by
Figure 2.  Mediation by self-efficacy of the relationship between academic department (with versus without numerus
clausus) and mastery goals (Study 1).  All values represent unstandardized coefficients. * p < .05, ** p < .01.
doi: 10.1371/journal.pone.0084178.g002
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perceived self-efficacy. Students enrolled in a department with
numerus clausus report lower self-efficacy than those enrolled
in a department with no numerus clausus. This depletion of
self-efficacy therefore leads individuals to be less motivated to
learn.
Although Study 1’s analysis on perception of numerus
clausus policies clearly indicates that first-year Forensic
Science students report being subject to numerus clausus to a
larger extent than first-year Chemistry students, one might
wonder whether it is numerus clausus per se that impacted
their perceived self-efficacy and mastery goals. Indeed, one
cannot exclude that the results are due to some confounding
variable related to another difference between the two
Faculties (e.g., specific academic socialization). In Study 2, we
address this issue by testing the effect of the perception of
numerus clausus in the same Department: the Medical School.
Study 2
We chose to conduct Study 2 with Medical School students
because of an interesting characteristic. Despite the fact that
the Dean’s Office formally denies the use of an official numerus
clausus in their Department, first-year Medical School students
at this University are known to have divergent opinions on the
matter. Whilst some of them define the Medical School’s
selective policies as being utterly numerus clausus (and there
are actually rumors about these policies being formal), others
do not. We took advantage of the ambiguity in this situation,
and hypothesized that first-year Medical students who perceive
that they are subject to numerus clausus in the selection for
entry to their second year of studies should endorse lower
levels of mastery goals than the ones who do not perceive this
to be the case. As in Study 1, we expected this link to be
mediated by self-efficacy.
Method
Participants.  One hundred and fifty-nine first-year Medical
School students from a French-speaking mid-size Swiss
university participated in Study 2. As in Study 1, nineteen non-
Swiss respondents were dropped from the analyses. One
participant, whose mastery goal score was more than 4 SD
below the mean, was identified as an outlier with Tukey's
procedure [59] and hence was also removed from the
analyses. The final sample was composed of 96 women and
43 men with a mean age of 19.9 years (SD = 2.45).
Procedure.  The study was carried out during the spring
semester. At the beginning of an anatomy class, first-year
Medical School students were given the same questionnaire as
in Study 1. All students present at the course agreed to
participate. Before filling the questionnaire in, participants were
asked to indicate whether they reckoned or not that, “officially,
there is a numerus clausus policy (quota) in [their] department”.
Experimenters knew anecdotally the peculiarity that some of
them considered their department’s selective policy as being
numerus clausus while some others did not. This expectation
was checked with the vice-Dean of education of the “Faculté de
Biologie et Médecine”, who told that he often receives first-year
Medical School students in his office complaining about the use
of numerus clausus, while officially there is none. We were able
to empirically confirm this anecdotal evidence, since 63% of the
students of our sample stated that such policy applied to their
department (N = 88) while 37% of them stated that it did not (N
= 51). We used this differential perception of in-curriculum
numerus clausus as our independent variable. Following the
completion of the questionnaire, participants were debriefed.
Measures
Self-efficacy and mastery goals.  Students’ levels of self-
efficacy (α = .89, M = 4.89, SD = .95) and mastery goal
orientation (α = .68, M = 6.18, SD = 0.80) were measured using
the same questionnaires as in Study 1.
Results
Overview of the Regression Analyses.  Linear regression
analyses were once again conducted in two stages. In the first
stage, we aimed at testing the direct effect of perception of in-
curriculum numerus clausus (coded “-.5” for perception of no
numerus clausus and “+.5” for perception of numerus clausus)
on mastery goals (c path). In the second stage, mediation
analyses were carried out to see if self-efficacy could explain
this relationship (a, b and c’ paths). As in Study 1, in
preliminary analyses, a complete analysis of covariance was
conducted with gender (coded “-.5” for women and “+.5” for
men) and centered age of the participants, as well as their
interaction with the independent variable (i.e., perception of
numerus clausus) on both mastery goals and self-efficacy.
Because the inclusion of age, was neither found to produce
significant effects nor to alter the effects of the other variables,
it was dropped from the final analyses. Gender was found to
yield a main effect on self-efficacy, and was therefore included
as a covariate in further analyses. A summary of the results is
presented graphically in Figure 3.
Mastery goal orientation: In preliminary analyses, a
Levene’s test revealed that variance of mastery goals
significantly differed in function of the perception of numerus
clausus, F (1, 135) = 8.23, p < .005. In order to relax the
homoscedasticity assumption in linear regression, we used
heteroscedasticity-robust estimator using the HC4 method [60]
(see also 61). A heteroscedasticity-robust linear regression
was therefore conducted on mastery goals with perception of
numerus clausus and gender as predictors. Results showed a
significant effect of perception of numerus clausus, B = -0.31,
F(1, 136) = 3.93, p < .05, η2p = .02 (c path): Students who
perceived a numerus clausus policy in their department
reported lower levels of adherence to mastery goals (M = 6.00,
SE(HC) = 0.15) than those who did not (M = 6.31, SE(HC) =
0.08). No other effect reached significance.
Mediational role of self-efficacy: Then, linear regression
analyses were conducted to test the mediational role of self-
efficacy in the relationship between the perception of numerus
clausus and mastery goal adoption. Firstly, a linear regression
analysis with self-efficacy as dependent variable and
perception of numerus clausus and gender as predictors was
conducted. Results showed that the perception of numerus
clausus was negatively associated with self-efficacy, B = -0.43,
F(1, 136) = 7.44, p < .008, η2p = .05 (a path). In support of
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PLOS ONE | www.plosone.org 7 December 2013 | Volume 8 | Issue 12 | e84178
hypothesis 1, students who perceived there to be a numerus
clausus policy in their department reported less self-efficacy (M
= 4.74, SE = 0.13) than those who did not (M = 5.17, SE =
0.10). Unexpectedly, analyses also revealed a positive effect of
gender, B = 0.60, F(1, 136) = 13.21, p < .001, η2p = .08. Male
participants were found to report more self-efficacy (M = 5.25,
SE = 0.14) than female participants (M = 4.65, SE = 0.09).
Secondly, heteroscedasticity-robust linear regression
analyses were conducted on mastery goals with perception of
numerus clausus and self-efficacy as predictors. Results
showed that the higher the degree of self-efficacy experienced,
the higher the degree of adoption of mastery goals, B = 0.18,
F(1, 135) = 6.19, p < .02, η2p = .04 (b path), while the effect of
perception of numerus clausus on mastery goals became non-
significant, B = -0.23, F(1, 135) = 2.35, p = .13, η2p = .01 (c’
path), as predicted by hypothesis 2. Hayes’ bootstrap method
[62] aiming at calculating the indirect effect with
heteroscedasticity-consistent standard error estimator
confirmed the significance of the indirect effect of perceived
numerus clausus on mastery goals through self-efficacy (ab
path), B = -0.08, SE(HC) = 0.04, with a BCa 95% CI of -0.18 to
-0.01, R2MED = .002.
Discussion
Congruent with study 1, the present results reveal that first-
year medical school students perceiving that they are subject
to numerus clausus in their department endorsed less mastery
goals than the ones who do not. Furthermore, as expected, this
effect is mediated by perceived self-efficacy. These results
provided convergent validity to the results of Study 1, as the
present findings are obtained by focusing on the impact of
numerus clausus in its psychological dimension among
students of the same department.
The unpredicted finding that men reported being more self-
efficacious than women is of interest in that such a gender
difference has often been reported in the literature (e.g., for
medical students’ self-efficacy beliefs related to anatomy [63]).
This phenomenon could also be explained by the fact that men
tend to be more self-congratulatory when responding to this
scale, while girls tend to be more modest [64].
In Studies 1 and 2, the numerus clausus variable
respectively consisted of natural groups and measured
perception. Although high in ecological validity, neither of these
studies enables us to make causal inferences about the role of
numerus clausus. In Study 3, the theoretical underpinnings of
numerus clausus are therefore manipulated, namely the
aforementioned distinction between a selection criterion based
on an absolute standard (e.g., to obtain a given grade) and a
selection criterion based on a normative standard (e.g., to
obtain a given rank). Also, the desire to learn, measured by
mastery goals, although considered by many as a precursor of
learning, has been shown to yield an inconsistent relationship
with actual learning (for an integrative review, see 65). Study 3
thus goes further by directly testing the effects of numerus
clausus on learning, again with the hypothesis that this
relationship should be mediated by self-efficacy.
Study 3
Method
Participants and design.  Two hundred and thirteen
students attending a Swiss polytechnical university that trains
engineers and architects, volunteered to participate in Study 3.
This sample was selected because this University does not
have a numerus clausus policy, which could have interfered
with the manipulation. One participant, whose learning test
score was more than 4 SD below the mean, was identified as
an outlier with Tukey's procedure [59] and was removed from
the analyses. The final sample was composed of 66 women
and 146 men with a mean age of 21.3 years (SD = 2.41),
randomly assigned to two conditions, namely the numerus
clausus condition (28 women and 78 men) and the non-
numerus clausus condition (38 women and 68 men). All of
them were students, namely 64 first-year, 52 second-year, 42
Figure 3.  Mediation by self-efficacy of the relationship between perceived numerus clausus policies and mastery goals
(Study 2).  All values represent unstandardized coefficients. * p < .05, ** p < .01.
doi: 10.1371/journal.pone.0084178.g003
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third-year bachelor’s students and 54 master’s students. It
should be noted that in the university where the study was
conducted—as in other universities within the countries that
have undergone the so-called “Bologna process”— students
have to complete a five-year curriculum to become engineers
or architects, which makes the Master’s program the logical
continuation of the Bachelor program.
Procedure.  The study was conducted on the Internet in the
Spring semester. The experiment was introduced as the
validation of a fictitious test, namely the “APT reasoning test”,
designed to be diagnostic of individuals’ reasoning
competences. As shown in Figure 4, we manipulated numerus
clausus by presenting the test either as a criterion-based
assessment tool aiming at evaluating individual’s competence
in reasoning (i.e., in reaching competence standard,
respondents have to obtain a score of 85/100 at the test, N =
106; “the non-numerus clausus condition”), or as a norm-based
assessment tool aiming at selecting individuals competent in
reasoning (i.e., in reaching competence standard, respondents
have to be among the 15/100 best participants, N = 106; “the
numerus clausus condition”). It is important to note that, in the
numerus clausus condition, participants were not only
explained that their performance would be positioned on this
normally-distributed competence curve (as it is the case for
norm-referenced tests [66]), but also that their position on the
curve would determine whether or not they will be selected (as
it is specifically the case of numerus clausus policies, but not of
any norm-based assessment). Following the instructions,
participants were invited to read a 500-word text introducing
the graph problems of the test (for an example of a graph
problem, see Figure 5).
The text was concerned with graph theory. Among non-
relevant information concerning the historical background and
mathematical anecdotes, the text presented the principles for
solving the test problems. However, these principles were
given indirectly and participants had to identify and learn how
to use them, so as to apply them to graph problems. In
particular, the text presented as an adaptation of the classic
Seven Bridges of Königsberg problem. It explained that the
Pregel River divided Königsberg (now Kaliningrad) in four
parts, connected by seven bridges. The Königsberg problem
consists in finding out whether walking through the seven
bridges only once and coming back to one’s original position is
feasible. Formally, in graph theory, if this circuit exists, the
graph is called Eulerian [67]. It was named after the
mathematician Leonhard Euler, who showed that such a route
existed if, and only if, each part of the city had an odd number
of bridges.
In order to perform well on the test, participants had to
understand and to assimilate this principle so as to transfer it to
the graph system: bridges of the Königsberg problem
corresponded to the vertex of a graph, while parts of the city
corresponded to its dots. A participant fully understanding
Euler’s demonstration could therefore deduce that drawing a
graph in one continuous stroke and finishing to the starting
point is feasible if, and only if, each dot of the graph has a odd
number of lines (principle related to question iii, see below). We
rely here on a cognitive conception of learning, defined as an
active process of acquiring knowledge and knowledge
structure, so as to improve performance on a subsequent task
[68]. Our task is therefore a learning task to the extent that
most of the problems of the test were too complicated (i.e.,
graphs having numerous lines and dots) to be solved with a
naïve trial-and-error approach, and without having understood
the underlying principles.
The test itself contained eight graph problems. For each of
these graphs, participants had to determine whether or not it
was possible: i) to color dots by using only two colors knowing
that two connected dots cannot share the same color (graph
coloring); ii) to draw the graph in one continuous stroke without
going over any line twice (i.e., a semi-Eulerian path [67]); iii) to
draw the graph in one continuous stroke and finishing to the
starting point without going over any line twice (i.e., an Eulerian
graph). Four weeks later, participants were given their score at
the test and fully debriefed.
Measures
Self-efficacy.  Students’ perceived self-efficacy during test
completion (α = .94, M = 4.30, SD = 1.29) was measured using
the same questionnaire as that used in Studies 1 and 2,
Figure 4.  Presentation of the test as not having numerus clausus (left panel; criterion-based evaluation) or as having it
(right panel; norm-based selection; Study 3).  
doi: 10.1371/journal.pone.0084178.g004
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adapted at task level (e.g., “While completing the APT
Reasoning test […] I was able to solve almost all the [graph]
problems if I made an effort”). It should be noted that
assessment of self-efficacy beliefs was conducted after the
task (i.e., before participants were debriefed); indeed, in
experimental settings in which filling in a mediator scale might
contaminate responses to the dependent variable by rendering
participants suspicious, as in the present case, it is
recommended to measure the mediator at the end [69].
Learning Score.  Participants who truly assimilated the
principles presented through the examples of the text should
be able to apply this knowledge to the graph problems; thus, a
short-term learning score was computed by summing the
correct answers to the 3 questions x 8 graphs of the test. The
score ranged from 14 to 24, with a mean of 21.64 (SD = 1.96).
Results
Overview of the Regression Analyses.  Linear regression
analyses were conducted in two stages. In the first stage, we
aimed at testing the direct effect of the experimental variable
(coded “-.5” in the absence of numerus clausus and “+.5” in the
presence of numerus clausus) on the learning score (c path). In
the second stage, mediation analyses were carried out to see if
self-efficacy could explain this relationship (a, b and c’ paths).
As in Studies 1 and 2, in preliminary analyses, a complete
analysis of covariance with gender (coded “-.5” for women and
“+.5” for men), academic level (coded “-2” for first-year, “-1” for
second-year, “1” for third-year bachelor’s students and “2” for
master’s students), and centered age of the participants, as
well as their interactions with the independent variable (i.e.,
manipulation of numerus clausus) was conducted on both
learning score and self-efficacy. Because the inclusion of
academic level and its interaction with the experimental
independent variable was neither found to produce significant
effects nor to alter the effects of the other variables, these
terms were not included in further analyses. However, a main
effect of gender (on the learning score and on self-efficacy),
and two interaction effects between gender and numerus
clausus and between age and numerus clausus (both on the
learning score) were found. Thus, these terms were entered as
covariates. The final model contained five predictors: the
experimental variable, gender, age, gender x numerus clausus
and age x numerus clausus. A summary of the most important
results is presented graphically in Figure 6.
Learning score: Linear regression analyses were conducted
on the learning score with the above model. Results showed a
Figure 5.  Example of one of the eight graph problems (Study 3).  
doi: 10.1371/journal.pone.0084178.g005
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significant negative effect of the experimental variable, B =
-0.62, F(1, 206) = 4.75, p < .04, η2p = .02 (c path): In the
presence of numerus clausus, participants obtained a lower
learning score (M = 21.17, SE = 0.21) than in the absence of
numerus clausus (M = 21.79, SE = 0.19). Unexpectedly, results
also showed a significant positive main effect of gender, B =
0.71, F(1, 206) = 6.14, p < .02, η2p = .02. Male students
obtained a higher learning score (M = 21.84, SE = 0.16) than
female students (M = 21.12, SE = 0.24). Additionally, the
interaction between gender and the experimental variable was
found to be significant, B = 1.31, F(1, 206) = 5.19, p < .03, η2p
= .02: The numerus clausus condition led to a significantly
lower learning score than the non-numerus clausus condition
among female students, B = -1.25, F(1, 206) = 6.81, p < .01,
η2p = .03, but not among male students, B = 0.05, F < 1, n.s. It
is worth noting that the interaction between age and the
experimental condition, although significant in the preliminary
analysis, failed to reach significance in the final analyses, B =
-0.20, F(1, 206) = 3.24, p = .08. No other result reached
significance.
Mediational role of self-efficacy: Linear regression
analyses were conducted to test the mediational role of self-
efficacy in the effect of the experimental variable on the
learning score. Firstly, multiple regression analyses on self-
efficacy were conducted with the experimental variable as
predictor. Gender and age, as well as their interaction with the
experimental condition were again entered in the model.
Results showed that the experimental variable negatively
predicted self-efficacy, B = -0.44, F(1, 206) = 5.83, p < .02, η2p
= .02 (a path). In support of hypothesis 1, in the presence of
numerus clausus, participants reported less self-efficacy (M =
3.92, SE = .14) than in the absence of numerus clausus (M =
4.37, SE = .12). As in Study 2, results also showed a significant
positive effect of gender, B = 0.81, F(1, 207) = 19.23, p < .001,
η2p = .08. Male students reported more self-efficacy (M = 4.55,
SE = 0.10) than female students (M = 3.74, SE = 0.15).
Secondly, multiple regression analyses were conducted on
the learning score with the experimental variable and self-
efficacy as predictors. Gender and age, as well as their
interaction with the experimental variable were once again
entered in the model. As expected in hypothesis 3, results
showed that the higher the self-efficacy, the higher the learning
score, B = .28, F(1, 205) = 6.95, p < .01, η2p = .03 (b path),
while the effect of the experimental condition on learning
became marginal, B = -0.50, F(1, 205) = 3.04, p = .09, η2p = .01
(c’ path). The effect of gender also became non-significant, B
= .48, F(1, 205) = 2.67, p = .11 η2p = .01, whereas the
interaction between gender and experimental variable
remained significant, B = 1.29, F(1, 205) = 5.23, p < .03, η2p = .
02. Preacher and Hayes’ bootstrap method [56], B = -0.13, SE
= 0.08, with a BCa 95% CI of -0.33 to -0.02, R2MED = .001,
confirmed the significance of the indirect effect of experimental
condition on the learning score through self-efficacy (ab path),
giving support to hypothesis 3. It is worth noting that the
indirect effect of gender on learning score through self-efficacy
was also significant, B = 0.23, SE = 0.09, with a BCa 95% CI
of .09 to .48, R2MED = .001.
Discussion
By manipulating numerus clausus through its theoretical
underpinnings—namely by presenting the test as either a
criterion-based assessment tool aiming at evaluating
individual’s competence or a norm-based assessment tool
aiming at selecting competent individuals (therefore akin to
numerus clausus)—the present experiment reveals that
presenting an evaluative task as having numerus clausus, in
comparison as having no numerus clausus, led to a decline in
short-term learning, thereby extending the results of studies 1
and 2. It is worth noting that the total effect, although
significant, was small in terms of effect size (i.e., .01 < η2p < .
06, [70]), which requires some caution in interpreting the
relationship between numerus clausus and learning. However,
consistently with studies 1 and 2, the detrimental effect of
Figure 6.  Mediation by self-efficacy of the relationship between the numerus clausus conditions (absence versus
presence) and learning (Study 3).  All values represent unstandardized coefficients. * p < .05, ** p < .01.
doi: 10.1371/journal.pone.0084178.g006
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numerus clausus on learning was mediated by the depletion of
the same mediating variable, namely self-efficacy beliefs.
Additionally, as in Study 2, men in our sample reported more
self-efficacy than women. However, this difference, although
not part of our a priori hypotheses, may be explained with the
existing literature. Our task emphasizes logical-mathematical
intelligence, which is traditionally judged as being masculine
[71]. Moreover, stereotypes drive gender differences in self-
efficacy, with women reporting lower level of self-efficacy in
mathematics [72] or computing abilities [73]. Finally, our results
showed that this reduction in self-efficacy beliefs mediated the
effect of gender on learning: Due to the stereotypically
masculine nature of the task, women reported being less
efficacious and—as a consequence—learnt less. These
findings replicate those of Pajares and Miller [74] showing the
mediational role of self-efficacy in the relationship between
gender and mathematical problem solving.
Another interesting consideration related to gender is that the
deleterious effect of numerus clausus on learning appears to
be particularly pronounced for women. Although unpredicted,
this finding is coherent with the literature on stereotype threat
(for a review, see 75). As mentioned above, given the logical-
mathematical nature of our task, women of our sample, in
comparison to men, may have suffered from stereotype threat.
In particular, the numerus clausus condition was
operationalized by presenting the test as a norm-based
assessment, which implied that they were in direct competition
with other students of their university, that is to say a vast
majority of male competitors (N.B., in 2011, 73% of students in
the polytechnical university used in the study were men, http://
ogif.epfl.ch/), in a field where they have a lower status than
men (i.e., STEM, Science, Technology, Engineering, and
Mathematics, [76]). Thus, the numerus clausus condition could
have made the gender stereotype about mathematical ability
even more salient and disrupted women’s learning [77].
General Discussion
Since the 1960s, numerus clausus has been a source of
recurrent ideological disputes, from student activism to
parliamentary debates. In this regard, political or intellectual
elites in favor of these selective policies often argued that they
convey a culture of academic and professional excellence [1]. It
is then quite surprising that only the impact of pre-curriculum
numerus clausus (i.e., selection operating before entrance into
higher education, e.g., [78,79]) has been empirically studied,
and never that of in-curriculum numerus clausus (i.e., selection
operating after entrance into higher education). Thus, the first
contribution of the present research is to document, for the first
time in Educational or Social Psychology, the detrimental
effects of in-curriculum numerus clausus on motivation to learn
and learning.
This phenomenon was captured in three contexts:
institutional, intra-individual and experimental. In Study 1,
numerus clausus was a situational institutional variable (i.e.,
Department not applying vs. applying numerus clausus).
Results showed that numerus clausus policies predicted a
lower level of mastery goal endorsement through weakened
self-efficacy beliefs. Then, the negative effect of numerus
clausus on mastery goals was replicated with an intra-
individual variable. Indeed, in Study 2, we captured numerus
clausus through the subjective perception of students (i.e.,
Medical students not perceiving vs. perceiving the
implementation of a numerus clausus). Results showed that
numerus clausus perception also reduced the level of mastery
goal endorsement through weakened self-efficacy beliefs.
Finally, the deleterious effect of numerus clausus on learning
was assessed in an experimental context. Numerus clausus
was a manipulated variable: An evaluative test was presented
as either criterion-referenced assessment (absence of numerus
clausus, as everybody can succeed, provided sufficient
performance), or norm-referenced assessment (presence of
numerus clausus, as success requires to be in the top 15% of
participants). Results showed that numerus clausus induction
reduced actual short-term learning through weakened self-
efficacy beliefs. In sum, both studies 1 and 2 have high
ecological validity, and study 3 complements this by assessing
the causal role of numerus clausus.
The second contribution of the present research is that the
mediational effect of self-efficacy allows us to understand why
it is the very structure elicited by in-curriculum numerus clausus
that reduces motivation to learn and learning. Indeed, the
context of negative interdependence typical of numerus
clausus provides a post hoc (vs. pre hoc) socially-referenced
(vs. auto-referenced) standard, such that academic
achievement is not only internally based (i.e., dependent on
relatively controllable personal effort) but also externally based
(i.e., dependent on the uncontrollable results of other students).
Peers’ achievement being uncontrollable, numerus clausus
may therefore impair the students’ beliefs about their ability to
succeed. Accordingly, our results show that as self-efficacy
decreases, the level of endorsement of mastery goals (Study 1
and 2) and actual learning (Study 3) decline.
In this respect, our results have important implications
regarding the three-decade debate between the pro- and the
anti-numerus clausus advocates. On the one hand, the
ideological argument stating that numerus clausus elicits higher
education excellence [80] is not supported by the data. Indeed,
in Studies 1 and 2, we showed that, instead of being pushed to
being interested in their discipline and in learning, students
subjected to numerus clausus policies are in fact less oriented
toward mastery of course content. These deleterious effects
are problematic for students in all disciplines; moreover, one
might wonder about their specific consequences for fields
leading to position of high social responsibility, such as for
instance Medical Sciences, where professionals are expected
to be highly motivated toward learning and to maintain up-to-
date scientifically, so as to put this knowledge into practice.
On the other hand, the ideological argument stating that
numerus clausus favors a meritocratic system that selects the
best students on the basis of their competence—and their
competence only-[2], is challenged by two results. First, our
findings call into question the efficiency of such a system.
Despite its function to select the very best students, numerus
clausus could paradoxically lead to a reduced level of learning.
Indeed, in Study 3, we showed that when success at a task is
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subject to numerus clausus (vs. not having numerus clausus)
short-term learning is reduced. Second, our findings cast doubt
on the fairness of numerus clausus-based meritocratic
systems. Supposedly, numerus clausus aims at establishing
impartial and equitable “merit criteria” for selection, rather than
“other criteria, such as wealth, sex, age, ethnic, or social
status” ([18] p 8). Contrary to this, in Study 3, the deleterious
effect of numerus clausus on learning was found to be
especially prominent for disadvantaged groups. In our case,
this disadvantaged group was women, to the extent that they
were carrying out a stereotypically masculine task (i.e., a
logical-mathematical task [71]) in competition with men, in a
male-dominated field (i.e., STEM, [76,81]). Thus, the results of
Study 3 might make one wonder to what extent the numerus
clausus policy could contribute to the reproduction of social
inequalities, thereby contradicting the equality principle in
access to knowledge typical of Western democracies.
However, due to the practical reasons enounced in the
introduction (e.g., demographic, economic), higher education
institutions are regularly under pressure to resorting to
numerus clausus. If in-curriculum numerus clausus has the
paradoxical effects exposed in the present research, how then
should higher education institutions cope with pressures to
control the flow of their undergraduates? A look at the relevant
literature shows that two main alternatives have generated
some research: i) student selection before the entrance at
university [78,79,82], and ii) student orientation [83]. As far as
the first direction is concerned, applying numerus clausus
before (i.e., pre-curriculum) versus after (i.e, in-curriculum)
entering higher education has been described as enabling
students to save time (by enhancing subsequent students’
success rate and lowering the drop-out rate, [84]), and
governments to save money (by cutting the expenditure
dedicated to cover the excessive numbers of students [85]).
Despite these practical advantages, the results of the present
research suggest that pre-curriculum numerus clausus may
anticipate the pernicious effects of in-curriculum numerus
clausus, weakening self-efficacy beliefs, mastery goals, and
learning process of high-school students or other candidates
aiming at passing higher education entrance examinations. As
far as the second direction is concerned, other authors have
stressed the importance of developing secondary–tertiary
education partnership so as to improve school counseling
practices and students’ orientation programs [83]. Vocational
guidance helps pre-college students to refine and/or adapt their
academic and career ambitions by clarifying their goals and
preferences [86,87], thereby reducing the likelihood of
choosing a curriculum for extrinsic reasons (because it is
popular, easy, conducive to desirable positions, etc.). By
rationalizing high-school students’ college choices, an optimal
school counseling could regulate the flow of higher education
applicants and, eventually, reduce the need for a stern
numerus clausus policy. Although more research is needed to
address this issue, it seems reasonable to assume that a
counseling system informed by research on the promotion of
self-efficacy and mastery goals could offer a viable alternative
to numerus clausus.
Some limitations should be mentioned. The two first studies
only revealed evidence of a link between numerus clausus,
self-efficacy and mastery goals with Swiss students. Although
there is no reason to expect different results in other Western
industrialized societies (competition is—at least for
individualistic countries—similarly perceived by the majority of
their citizens [31]), replications in other countries would be an
important endeavor for the future. More importantly, long-term
effects of in-curriculum numerus clausus should be
investigated so as to determine to what extent first-year
selection policies influence individuals’ motivation and learning
throughout their entire university curriculum and—eventually—
in their professional practice. Furthermore, our data do not
allow us to indicate whether the effects of numerus clausus are
similar among low and high achievers or not. Therefore, both a
longitudinal design and a model including the students’ initial
ability could represent appealing directions for future
investigations. Finally, as far as Study 3 is concerned, poor
external validity, as well as the small effect size of the total
effect, prevent us from claiming that the effect of numerus
clausus on learning is replicable in a more ecological context.
Thus, additional field investigations are needed in this area.
Despite these limitations, the present article contributes to a
better understanding of the role and effects of numerus
clausus, one of the most widely debated selection processes in
higher education. Selection in higher education has always
existed, and it is interesting to note that the very first university
in Europe, established in Athens by the Roman emperor
Marcus Aurelius in 161 A.D., aimed at selecting the future high-
ranking official of the governmental apparatus [88]. Nowadays,
as we have seen, numerus clausus works as a tool for
selection of the political, economic and intellectual élites [89].
However, our research shows that such numerus clausus
policy is not without consequences on self-efficacy beliefs,
mastery goals and competence acquisition of students, i.e.,
tomorrow’s medical doctors, schoolteachers, or administrative
officers. In sum, our results underline the importance that the
selective function of higher education does not conflict with its
formative function [90], as well as the importance that the
selection process does not impair the learning process, and
that the endeavor of selecting the most competent students
does not—paradoxically—lead students to invest less in
learning.
Acknowledgements
We wish to thank Albin Gaignette, Stefan Trabut, Riad Gacem,
Thomas Boutin, Benjamin Horowitz, and Mélanie Uldry for their
help with data collection, Pr. Pierre-André Michaud, vice-Dean
of Education of the Faculty of Biology and Medicine, and Anne
Marville, executive secretary of the Faculty of Law and
Forensic Sciences, for providing clarifications of the selection
policies applied in the University of Lausanne, as well as
Vincent Pillaud and Christine Mohr for their helpful comments
on previous versions of the manuscript. These studies were
conducted during Nicolas Sommet’s doctoral work under the
supervision of Fabrizio Butera.
Numerus Clausus on Mastery Goals and Learning
PLOS ONE | www.plosone.org 13 December 2013 | Volume 8 | Issue 12 | e84178
Author Contributions
Conceived and designed the experiments: NS CP FB.
Performed the experiments: NS CP. Analyzed the data: NS CP
FB. Contributed reagents/materials/analysis tools: N/A. Wrote
the manuscript: NS CP FB.
References
1. Wallach D (2011) Numerus clausus: Pourquoi la France va manquer de
médecins. Springer. 289 pp.
2. Hardy-Dubernet AC (2008) French medical schools: from hierarchy to
autonomy. Eur J Educ 43: 331-351. doi:10.1111/j.
1465-3435.2008.00361.x.
3. Pechar H (2009) On Austria’s exceptionalism in higher education
policy. J Adult Contin Educ 15: 142-154.
4. Artoisenet C, Deliège D (2006) Medical workforce in Belgium:
Assessment of future supply and requirements. Louvain Médical 125:
4-21.
5. Spence J (1981) Access to higher education in the Federal Republic of
Germany: The numerus clausus issue. Comput Educ 14: 285-292.
6. Pechar H (2007) “The Bologna process” a European response to global
competition in higher education. Can J Higher Educ 37: 109-125.
7. Harackiewicz JM, Barron KE, Tauer JM, Elliot AJ (2002) Predicting
success in college: A longitudinal study of achievement goals and
ability measures as predictors of interest and performance from
freshman year through graduation. J Educ Psychol 94: 562-575. doi:
10.1037/0022-0663.94.3.562.
8. Haase CM (2007) Agency and adaptive development in the transition
from university to work: A longitudinal study. Dissertation thesis
University of Jena, Germany. 176 p. Available: http://www.db-
thueringen.de/servlets/DerivateServlet/Derivate-15504/Haase/
Dissertation.pdf. Accessed: 2013 June 19
9. Marin P, Lee EK (2003) Appearance and reality in the sunshine state:
The Talented 20 Program in Florida. Cambridge MA: The Civil Rights
Project at Harvard University. 48 p
10. Picard P, Ria L (2011) Neopass@ction: A training tool for beginning
teachers. In: P PicardL Ria. Beginning teachers: A challenge for
educational systems – CIDREE Yearbook 2011. Lyon, France: ENS de
Lyon. Institut Français de l’Éducation. pp. 119-130.
11. ANESTAPS (2012) CAPEPS externe 2012 : 32,% de réussite pour une
formation ajournée. Available: http://www.anestaps.com/article-283-
CAPEPS-externe-2012--32,79-pourcent-de-reussite-pour-une-
formation-ajournee.html. Accessed: 2013 October 28
12. Pechar H (1998) Funding Higher Education in Austria: present
mechanisms and future trends. Eur J Educ 33: 41-54.
13. De Paola M (2011) Easy grading practices and supply–demand factors:
evidence from Italy. Empir Econ 41: 227-246. doi:10.1007/
s00181-010-0372-9.
14. Kaufman NH (1994) Survey of Law School Grading Practices. J Legal
Educ 44: 415-423.
15. Johnson VE (2003) Grade inflation: A crisis in college education. New
York: Springer-Verlag. 262 pp.
16. Portela M, Areal N, Sá Cadsp, Alexandre F, Cerejeira J et al. (2007)
Regulation and marketisation in the Portuguese higher education
system (No. 11). NIPE, Universidade do Minho: Núcleo de Investigação
em Políticas Económicas.
17. Premfors R (1980) How much higher education is enough? A
comparison of public policy in France, Sweden, and the United
Kingdom. Comp Educ Rev 24: 302-322
18. Huang L (2005) Elitism and equality in Chinese higher education:
Studies of student socio-economic background, investment in
education, and career aspirations. Dissertation thesis Institute of
International Education, Stockholm University, Sweden. 196 p.
Available: http://su.diva-portal.org/smash/get/diva2:195327/
FULLTEXT01. Accessed: 2013 June 19
19. Hänsgen K-D, Ischi N (1997) Avant-propos des éditeurs. In: K-D
HänsgenN Ischi. L’examen d'aptitude aux études de médecine en
Suisse Critères et procédés d'application du test, rapport sur le
symposium international à Berne. Centre pour le développement de
tests et le diagnostic. Universität Freiburg, Switzerland. pp. 3-5.
20. Martin L (2012) Guy Vallancien : le vrai médecin doit rester une
"denrée rare". Egora March, 23.
21. Hardy-Dubernet AC, Le Roy F (2006) La discrimination élective,
l’exemple du concours de première année de médecine. In T Berthet.
Discriminations dans les mondes de l’éducation et de la formation :
regards croisés. Céreq. pp. 25-34.
22. Doan BDH, Lévy D, Pavot J (2004) Projection démographique de la
profession médicale en France (2000-2050): quel numerus clausus
pour quel avenir ? Cah Socio Démo Méd 44: 101-148.
23. Attal-Toubert K, Vanderschelden M (2009) La démographie médicale à
l’horizon 2030: de nouvelles projections nationales et régionales.
Drees : Etudes et Résultats, 679: 1-8.
24. Bourgueil Y, Chevreul K (2006) Demographic plan for health
professionals. Health Policy Developments 7/8: 1-7.
25. Pécresse (2008) Discussion de la proposition de Loi Domergue.
Speech presented at the National Assembly of France. December 16.
Available: http://www.enseignementsup-recherche.gouv.fr/cid23261/
reforme-de-la-premiere-annee-d-etudes-medicales.html. Accessed:
2013 June 19
26. Deutsch M (1949) An experimental study of the effects of cooperation
and competition upon group processes. Human Relat 2: 199-231. doi:
10.1177/001872674900200301.
27. Johnson DW, Johnson RT (2009) An educational psychology success
story: Social interdependence theory and cooperative
learning. Educational Res 38: 365-379.
28. Johnson DW, Johnson RT (1989) Cooperation and competition: Theory
and research. Edina, MN: Interaction Book Company. 257 pp.
29. Michaels JW (1977) Classroom reward structures and academic
performance. Rev Educ Res 47: 87-98. doi:
10.3102/00346543047001087.
30. Stanne MB, Johnson DW, Johnson RT (1999) Does competition
enhance or inhibit motor performance: a meta-analysis. Psychol Bull
125: 133-154. doi:10.1037/0033-2909.125.1.133. PubMed: 9990847.
31. Johnson DW, Johnson RT (2005) New developments in social
interdependence theory. Genet Soc Gen Psychol Monogr 131:
285-358. doi:10.3200/MONO.131.4.285-358. PubMed: 17191373.
32. Butera F, Mugny G (1995) Conflict between incompetences and
influence of a low-expertise source in hypothesis testing. Eur J Soc
Psychol 25: 457-462. doi:10.1002/ejsp.2420250408.
33. Bandura A (1982) Self-efficacy mechanism in human agency. Am
Psychol 37: 122-147. doi:10.1037/0003-066X.37.2.122.
34. Ajzen I (2002) Perceived behavioral control, self-efficacy, locus of
control, and the theory of planned behavior. J Appl Soc Psychol 32:
665-683. doi:10.1111/j.1559-1816.2002.tb00236.x.
35. Terry DJ, O'Leary JE (1995) The theory of planned behaviour: The
effects of perceived behavioural control and self-efficacy. Br J Soc
Psychol 34: 199-220. doi:10.1111/j.2044-8309.1995.tb01058.x.
PubMed: 7620846.
36. Manstead AS, Eekelen SA (1998) Distinguishing Between Perceived
Behavioral Control and Self-Efficacy in the Domain of Academic
Achievement Intentions and Behaviors. J Appl Soc Psychol 28:
1375-1392. doi:10.1111/j.1559-1816.1998.tb01682.x.
37. Johnson DW, Johnson RT, Smith K (2007) The state of cooperative
learning in postsecondary and professional settings. Educ Psychol Rev
19: 15-29. doi:10.1007/s10648-006-9038-8.
38. Wigfield A, Eccles JS (2000) Expectancy–value theory of achievement
motivation.  Contemp Educ Psychol 25: 68-81. doi:10.1006/ceps.
1999.1015. PubMed: 10620382.
39. Bandura A (1993) Perceived self-efficacy in cognitive development and
functioning. Educ Psychol 28: 117-148. doi:10.1207/
s15326985ep2802_3.
40. Dweck CS (1986) Motivational processes affecting learning. Am
Psychol 41: 1040-1048. doi:10.1037/0003-066X.41.10.1040.
41. Hsieh P, Sullivan JR, Guerra NS (2007) A closer look at college
students: Self-efficacy and goal orientation. J Adv Acad 18: 454-476
42. Middleton MJ, Midgley C (1997) Avoiding the demonstration of lack of
ability: An underexplored aspect of goal theory. J Educ Psychol 89:
710-718. doi:10.1037/0022-0663.89.4.710.
43. Pajares F, Britner SL, Valiante G (2000) Relation between achievement
goals and self-beliefs of middle school students in writing and
science. Contemp Educ Psychol 25: 406-422. doi:10.1006/ceps.
1999.1027. PubMed: 11001784.
44. Diseth Å (2011) Self-efficacy, goal orientations and learning strategies
as mediators between preceding and subsequent academic
achievement. Learn Individ Differ 21: 191-195. doi:10.1016/j.lindif.
2011.01.003.
Numerus Clausus on Mastery Goals and Learning
PLOS ONE | www.plosone.org 14 December 2013 | Volume 8 | Issue 12 | e84178
45. Diseth Å, Danielsen AG, Samdal O (2012) A path analysis of basic
need support, self-efficacy, achievement goals, life satisfaction and
academic achievement level among secondary school students. Educ
Psychol-Uk 32: 335-354. doi:10.1080/01443410.2012.657159.
46. Schunk DH (1991) Self-efficacy and academic motivation. Educ
Psychol 26: 207-231. doi:10.1207/s15326985ep2603&4_2
47. Zimmerman BJ (2000) Self-efficacy: An essential motive to learn.
Contemp Educ Psychol 25: 82-91. doi:10.1006/ceps.1999.1016.
PubMed: 10620383.
48. Schunk DH, Zimmerman BJ (2012) Motivation and self-regulated
learning: Theory, research, and applications. New York, NY: Routledge.
416 pp.
49. Sins PH, van Joolingen WR, Savelsbergh ER, van Hout-Wolters (2008)
Motivation and performance within a collaborative computer-based
modeling task: Relations between students’ achievement goal
orientation, self-efficacy, cognitive processing, and
achievement. Contemp Educ Psychol 33: 58-77
50. Chirkov V, Vansteenkiste M, Tao R, Lynch M (2007) The role of self-
determined motivation and goals for study abroad in the adaptation of
international students. Int J Intercult Relat 31: 199-222. doi:10.1016/
j.ijintrel.2006.03.002.
51. Pulfrey C, Buchs C, Butera F (2011) Why grades engender
performance-avoidance goals: The mediating role of autonomous
motivation. J Educ Psychol, 103: 683-700. doi:10.1037/a0023911.
52. Midgley C, Maehr ML, Hruda LZ, Anderman EM, Anderman LH et al.
(2000) Manual for the Patterns of Adaptive Learning Scales (PALS).
Ann Arbor, MI: University of Michigan.
53. Darnon C, Butera F (2005) Buts d'accomplissement, stratégies d'étude,
et motivation intrinsèque: présentation d'un domaine de recherche et
validation française de l'échelle d'Elliot et McGregor (2001). Ann
Psychol 105: 105-131. doi:10.3406/psy.2005.3821.
54. Elliot AJ, McGregor HA (2001) A 2*2 achievement goal framework. J
Pers Soc Psychol 80: 501–519.
55. Yzerbyt VY, Muller D, Judd CM (2004) Adjusting researchers’ approach
to adjustment: On the use of covariates when testing interactions. J
Exp Soc Psychol 40: 424-431. doi:10.1016/j.jesp.2003.10.001.
56. Preacher KJ, Hayes AF (2004) SPSS and SAS procedures for
estimating indirect effects in simple mediation models. Behav Res
Methods Instrum Comput 36: 717-731. doi:10.3758/BF03206553.
PubMed: 15641418.
57. MacKinnon DP (2008) Introduction to statistical mediation analysis.
Mahwah, NJ: Erlbaum. 488 pp.
58. Preacher KJ, Kelley K (2011) Effect size measures for mediation
models: quantitative strategies for communicating indirect effects.
Psychol Methods 16: 93-115. doi:10.1037/a0022658. PubMed:
21500915.
59. Tukey JW (1977) Exploratory data analysis. Reading, MA: Addison-
Wesley.
60. Cribari-Neto F (2004) Asymptotic inference under heteroskedasticity of
unknown form. Comput Stat Data An 45: 215-233. doi:10.1016/
S0167-9473(02)00366-3.
61. Hayes AF, Cai L (2007) Using heteroscedasticity-consistent standard
error estimators in OLS regression: An introduction and software
implementation. Behav Res Methods 39: 709-722. doi:10.3758/
BF03192961. PubMed: 18183883.
62. Hayes AF (2013) Introduction to Mediation, Moderation, and
Conditional Process Analysis. New York: Guilford Press. 507 pp.
63. Burgoon JM (2008) An investigation of the self-efficacy of medical
students for the anatomy curriculum: Role of gender and prior
experience, and self-efficacy's influence on academic achievement.
Dissertation thesis University of North Carolina at Chapel Hill, United-
States. 135 p. Available: http://dc.lib.unc.edu/cdm/ref/collection/etd/id/
2644. Accessed: 2013 June 19
64. Pajares F (2002) Gender and perceived self-efficacy in self-regulated
learning. Theory Pract 41: 116-125. doi:10.1207/s15430421tip4102_8.
65. Dompnier B, Darnon C, Butera F (2009) Faking the Desire to Learn A
Clarification of the Link Between Mastery Goals and Academic
Achievement. Psychol Sci 20: 939-943. doi:10.1111/j.
1467-9280.2009.02384.x. PubMed: 19538435.
66. Ford HH (2009) Norm-referenced testing. In: EM AndermanLH
Anderman. Psychology of classroom learning: An encyclopedia.
Detroit: Gale Cengage Learning. pp. 645-648
67. Wilson RJ (1985). Introduction to Graph Theory. Longman Scientific &
Technical. 166 p. 166 p
68. Shuell TJ (1986) Cognitive conceptions of learning. Rev Educ Res 56:
411-436.
69. Iacobucci D, Saldanha N, Deng X (2007) A meditation on mediation:
Evidence that structural equations models perform better than
regressions. J Consum Psychol 17: 139-153.
70. Richardson JT (2011) Eta squared and partial eta squared as
measures of effect size in educational research. Educ. Res Rev 6:
135-147.
71. Bennett M (2000) Self-Estimates and Population Estimates of Ability in
Men and Women. Aust J Psychol 52: 23-28.
72. Junge ME, Dretzke BJ (1995) Mathematical self-efficacy gender
differences in gifted/talented adolescents. Gifted Child Q 39: 22-26.
73. Cassidy S, Eachus P (2002) Developing the computer user self-efficacy
(CUSE) scale: Investigating the relationship between computer self-
efficacy, gender and experience with computers. J Educ Comput
Res 26: 133-153.
74. Pajares F, Miller MD (1994) Role of self-efficacy and self-concept
beliefs in mathematical problem solving: A path analysis. J Educ
Psychol 86: 193-203.
75. Smith JL (2004) Understanding the process of stereotype threat: A
review of mediational variables and new performance goal
directions. Educ Psychol Rev 16: 177-206.
76. Tyson W, Lee R, Borman KM, Hanson MA (2007) Science, technology,
engineering, and mathematics (STEM) pathways: High school science
and math coursework and postsecondary degree attainment. J Educ
Stud Placed Risk 12: 243-270.
77. Spencer SJ, Steele CM, Quinn DM (1999) Stereotype threat and
women's math performance. J Exp Soc Psychol 35: 4-28.
78. Hulsman RL, van der Ende JS, Oort FJ, Michels RP, Casteelen G et al.
(2007) Effectiveness of selection in medical school admissions:
Evaluation of the outcomes among freshmen. Med Educ 41: 369-377.
PubMed: 17430282.
79. Urlings-Strop LC, Themmen AP, Stijnen T, Splinter TA (2011) Selected
medical students achieve better than lottery-admitted students during
clerkships. Med Educ 45: 1032-1040. PubMed: 21883405.
80. Premfors R (1982) Values and value tradeoffs in higher education
policy. Policy Sci 14: 365-378.
81. Régner I, Smeding A, Gimmig D, Thinus-Blanc C, Monteil JM et al.
(2010) Individual differences in working memory moderate stereotype-
threat effects. Psychol Sci 21: 1646-1648. PubMed: 20959509.
82. Louryan S (2009) Fin du numerus clausus: une fausse bonne nouvelle?
Plaidoyer pour une réflexion pédagogique. Rev Méd Brux 30: 205-207.
PubMed: 19642496.
83. Dimmitt C (2003) Transforming school counseling practice through
collaboration and the use of data: A study of academic failure in high
school. Prof Sch Counsel 6: 340-349
84. Urlings-Strop LC, Stijnen T, Themmen AP, Splinter TA (2009) Selection
of medical students: a controlled experiment. Med Educ 43: 175-183.
PubMed: 19161489.
85. Janssen PJ (1997) Admission to the study in medicine in Belgium: two
‘different’ solutions to the ‘same’ problem; reflections of a Flemish
school psychologist. In: K-D HänsgenN Ischi. L’examen d'aptitude aux
études de médecine en Suisse Critères et procédés d'application du
test, rapport sur le symposium international à Berne. Centre pour le
développement de tests et le diagnostic. Universität Freiburg,
Switzerland. pp. 57-67.
86. McDonough PM (1994) Buying and selling higher education: The social
construction of the college applicant. J Higher Educ 65: 427-446.
87. Whiston SC, Sexton TL (1998) A review of school counseling outcome
research: Implications for practice. J Couns Dev 76: 412-426.
88. Michalopoulos D (2006) The Universities of Europe in the New Era.
Cauc. Rev Int Aff 1: 65-70.
89. Richter I (1988) Selection and reform in higher education in Western
Europe. Comput Educ 24: 53-60.
90. Darnon C, Dompnier B, Delmas F, Pulfrey C, Butera F (2009)
Achievement goal promotion at university: social desirability and social
utility of mastery and performance goals. J Pers Soc Psychol 96:
119-134. PubMed: 19210069.
Numerus Clausus on Mastery Goals and Learning
PLOS ONE | www.plosone.org 15 December 2013 | Volume 8 | Issue 12 | e84178
